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PROGRESS REPORT 
RESEARCH STUDY ON INSTRUMENT UNIT 

THERMAL CONDITIONING HEAT S I N K  CONCEPT 
APRIL I TO APRIL 30, 1966 

r 

INTRODUCTION 

Th is  r e p o r t  reviews t h e  work accomplished by t h e  AiResearch Manu fac tu r ing  I 

Company, a d i v i s i o n  o f  The G a r r e t t  Corporat ion,  Los Angeles, C a l i f o r n i a ,  

between A p r i l  I and A p r i l  30, 1966, under Na t iona l  Aeronaut ics  and Space 

A d m i n i s t r a t i o n  Con t rac t  NAS8-11291. T h i s  c o n t r a c t  i s  f o r  a research s tudy on 

inst rument  u n i t  thermal c o n d i t i o n i n g  heat s i n k  concepts.  T h i s  r e p o r t  i s  the 

second month ly  progress r e p o r t  under t h e  re fe renced  c o n t r a c t  which was s igned  

on March I I ,  1966. The p rev ious  r e p o r t  under t h i s  c o n t r a c t  was issued under 

AiResearch r e p o r t  number 66-0479. 

PROGRESS SUMMARY 

Dur ing  t h e  month o f  A p r i l  work was concen t ra ted  i n  t h e  f o l l o w i n g  areas: 

Under Task I ,  Water B o i l e r  Heat S ink  Module, a rev iew  was made o f  e x i s t i n g  w ick  

d a t a  f rom t h e  A p o l l o  evaporator  program and AiResearch company sponsored work, 

and a p a r t i a l  l i t e r a t u r e  rev iew  as made. A p r e l i m i n a r y  des ign o f  a w i c k  heat  

t r a n s f e r  t e s t  apparatus was completed, and a n a l y s i s  o f  f l o w  i n  c a p i l l a r i e s  was 

undertaken. Under Task 2, Water Sub l ima to r  Heat S ink  Module, a n a l y s i s  was 

under taken which l e d  t o  p r e l i m i n a r y  des ign o f  a s u b l i m a t o r  v i s u a l i z a t i o n  t e s t  

se tup .  Several  d i f f e r e n t  types o f  porous p l a t e  m a t e r i a l  were received,  and 

des ign  o f  a f i x t u r e  t o  be used f o r  s u b l i m a t i o n  performance t e s t i n g  o f  porous 

p l a t e s  was reviewed f o r  improvements t o  y i e l d  g r e a t e r  f l e x i b i l i t y  and improved 

d a t a  f o r  t e s t i n g  on t h i s  program. A complete s e t  o f  d e t a i l e d  t e s t  i n s t r u c t i o n s  

f o r  porous p l a t e  bench t e s t s  was prepared. 

* 

TASK I: WATER BOILER HEAT S I N K  MODULE 

Review o f  E x i s t i n q  Wick Data 

I .  Wick Endurance Test  i nq  

AiResearch has conducted a s e r i e s  o f  1000-hr w ick  performance t e s t s  as 

p a r t  o f  t h e  A p o l l o  g l y c o l  evaporator  program. 

i n t e r e s t  i n v o l v e d  3 i n .  h i g h  by 6.4 i n .  wide n i c k e l  f e l t m e t a l  wicks o f  

The s e r i e s  of t e s t s  o f  s p e c i f i c  
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15 pe rcen t  dens i t y ,  w i t h  an average pore s i z e  o f  0.00165 i n .  

heated on b o t h  s i d e s  w i t h  e l e c t r i c a l  heaters  separated from t h e  wicks by o f f -  

s e t  r e c t a n g u l a r  f i n s .  Four thermocouples were used t o  measure t h e  p l a t e  tem- 

pe ra tu res ,  two ad jacen t  t o  t h e  t o p  h a l f  o f  t h e  wick,  and two adjacent  t o  t h e  

bot tom h a l f  o f  t h e  wick.  

These wicks were 

I 
I I 

t 

F i v e  d i f f e r e n t  types o f  t e s t s  were run. Two o f  t h e  wicks were brazed as 

received,  two were o x i d i z e d  a t  8OO0F i n  a i r  and one was s a t u r a t e d  w i t h  a 0. I 

pe rcen t  s o l u t i o n  o f  S te rox  NJ, a s u r f a c e - a c t i v e  agent.  To i n v e s t i g a t e  t h e  

e f f e c t  o f  water  f i l t r a t i o n  some o f  the samples were f e d  water  t h a t  had gone 

th rough  a I O  m ic ron  f i l t e r ,  w h i l e  the  o t h e r s  were f e d  water  t h a t  had gone 

through one-ha l f  m ic ron  f i l t r a t i o n .  Table I shows t h e  r e s u l t s .  On the b a s i s  

o f  performance change, the b e s t  performance was o b t a i n e d  w i t h  t h e  s u r f a c t a n t -  

t r e a t e d  wick, which a c t u a l l y  increased 19 pe rcen t  i n  performance ove r  t h e  

1000-hr t e s t .  The b e s t  o v e r a l l  performance o f  t h e  f i v e  specimens t e s t e d  was 

t h e  brazed-as-received w ick  w i t h  one -ha l f  m i c r o n  water  f i l t r a t i o n ,  which 

d e c l i n e d  i n  performance o n l y  f i v e  pe rcen t .  The specimens which were f e d  10 

m ic ron  water  had performance degradat ions o f  51 pe rcen t  and 36 percent ,  

r e s p e c t i v e l y ,  w h i l e  t h e  o x i d i z e d  wick which had o n e - h a l f  m ic ron  f i l t e r e d  water, 

had a performance degrada t ion  o f  23 percen t .  Whi le t h e  s u r f a c t a n t  a p p a r e n t l y  

p reven ted  any degradat ion and a c t u a l l y  l e d  t o  a s i g n i f i c a n t  increase i n  per-  

formance w i t h  t ime,the e f f e c t  o f  t he  s u r f a c t a n t  was a l s o  t o  decrease i n i t i a l  

performance by a s i g n i f i c a n t  amount. 

The f o l l o w i n g  conc lus ions  can be drawn from these 1000-hr t e s t s .  

a. Water f i l t r a t i o n  and water p u r i t y  i s  o f  g r e a t  importance. Water 

t h a t  was f i l t e r e d  through a one-ha l f  m ic ron  f i l t e r  l e d  t o  much 

l e s s  degrada t ion  of wick performance than water which was f i l t e r e d  

through a 10 m ic ron  f i l t e r .  

b. The o x i d a t i o n  of t h e  n i c k e l  w icks  i n  a i r  

performance, and does no t  reduce suscept 

w i t h  t ime. 

1 eads t o  reduc t  i o n  

b i  1 i t y  t o  degradat 

i n  

on 

I 

I 
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TABLE I .  1000 HR ENDURANCE TEST RESULTS 15% DENSE NICKEL FELTMETAL WICKS 

Loca t ion  
Wick D e s c r i p t i o n  I Number 

Brazed as rece ived  
lop water  f i l t r a t i o n  

Brazed as rece ived  
I /2p water  
f i l t r a t i o n  

Brazed a f t e r  h e a t i n g  
i n  a i r ,  8OO0F, 30 
min  lop water  
f i l t r a t i o n  

Brazed a f t e r  h e a t i n g  
i n  a i r ,  8OO0F, 30 
m i n  1/2p water  
f i 1 t r a t  i o n  

Brazed as rece ived 
S a t u r a t e d  i n  0. I 
p e r c e n t  s o l u t i o n  
o f  S t e r o x  NJ. 
I /2p water  
f i l t r a t i o n  

Top I 

Top 2 

Bottom I 

Bottom 2 

TOP I 

Top 2 

Bottom I 

Bottom 2 

Top I 

Top 2 

Bottom I 

Bottom 2 

Top I 

Top 2 

Bottom I 

Bottom 2 

Top I 

Top 2 

Bottom I 

Bottom 2 

h i n i t i a l  hf i na l  
Btu/hr  f t2  OF B tu /h r  f t 2  OF 

I76 

240 

I56 

I39 

203 

240 

I20 

I32 

83 

91 

I02 

I02 

I06 

I32 

91 

I15 

61 

I15 

I15 

I15 

I06 

66 

91 

71 

240 

220 

I06 

I06 

61 

45 

66 

66 

80 

I32 

64 

71 

I26 

I32 

78 

I02 

hf i na l  

hi n i  t i a l  

0.60 

0.28 

0.58 

0.51 

1.18 

0.92 

0.88 

0.80 

0.75 

0.49 

0.65 

0.65 

0.76 

I .oo 

0.71 

0.62 

2.04 

I .  15 

0.68 

0.88 

Average 
'erformance 

Change 
~ _ _ _  

-51% 

- 5% 

-. - 

- 36% 

- 23% 

+19% 
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t 

I 

. 

c .  Treatment o f  wicks w i t h  s u r f a c t a n t  may lead  t o  c o n s i d e r a b l e  

r e d u c t i o n  i n  s u s c e p t i b i l i t y  o f  t he  wick t o  performance degrada t ion  

w i t h  t ime. However, t h e  s u r f a c t a n t  may reduce t h e  w i c k i n g  r a t e  

o f  t h e  wicks s i g n i f i c a n t l y .  An i n t e r e s t i n g  p o s s i b i l i t y  would be 

t o  use wicks which had an i n i t i a l  w i c k i n g  r a t e  c o n s i d e r a b l y  i n  

excess o f  t h a t  requ i red ,  and t r e a t  these w i t h  s u r f a c t a n t .  Based 

on the  r e s u l t s  o f  t h e  above t e s t s ,  i t  m igh t  be p o s s i b l e  t o  o b t a i n  

immunity f rom performance degradat ion,  w i t h o u t  t h e  s a c r i f i c e  o f  

performance t h a t  would be o b t a i n e d  by t r e a t i n g  t h e  same w i c k  w i t h  

a s u r f a c e  a c t i v e  agent.  

2. Wickinq Rate 

The f o l l o w i n g  a n a l y s i s  develops an equa t ion  f o r  t ime i t  takes l i q u i d  t o  

reach v a r i o u s  h e i g h t s  i n  a w i c k  a f t e r  t h e  end o f  a d r y  w i c k  has been brought  

i n t o  c o n t a c t  w i t h  t h e  l i q u i d .  I t  i s  assumed t h a t  t h e r e  i s  no heat o r  mass 

t r a n s f e r  f rom t h e  s ides o f  t h e  wick;  t h e  f l o w  r a t e  o f  l i q u i d  i s  t h e  same as 

each l e v e l  a t  any one t ime.  

Assuming t h a t  momentum changes a r e  

n e g l  i g i  b l e  reduces the  f o r c e  balance 

equa t ion  t o  t h r e e  terms:  g r a v i t y ,  f r i c -  

t i o n ,  and su r face  tens ion .  The pressure 

d r o p  due t o  f r i c t i o n  i s  equal t o  the  

p ressu re  drop p rov ided  by the  excess o f  

cap i  1 l a r i  t y  over  g r a v i t y :  

The change o f  h e i g h t  w i t h  t ime i s  equal t o  the  l i q u i d  v e l o c i t y  a t  any 

t i m e .  Combining t h i s  w i t h  t h e  d e f i n i t i o n  o f  mass v e l o c i t y  y i e l d s  

dX 
G = p V  = p -  

d t  

IC531 AIRESEARCH MANUFACTURING Lo5 Angeles, DIVISION California 
66-06 I 2 
Page 4 



S u b s t i t u t i n g  Equat ion ( 2 )  i n t o  Equat ion ( I )  and s o l v i n g  f o r  d t  g i v e s  

4 

I n t e g r a t i n g  Equat ion ( 1 2 )  y i e l d s  t h e  f i n a l  equa t ion  f o r  t h e  t i m e  i t  takes 

l i q u i d  t o  reach each h e i g h t  i n  t h e  wick.  

40  cos e go 

Equat ion ( 4 )  shows t h a t  t h e  t i m e  r e q u i r e d  t o  w ick  a h e i g h t  i s  a f u n c t i o n  

o n l y  o f  t he  po re  diameter and f l u i d - s u r f a c e  p r o p e r t i e s .  Whi le t h i s  equa t ion  

shou ld  e x a c t l y  p r e d i c t  r i s e  r a t e  i n  a c a p i l l a r y ,  t e s t s  a t  AiResearch have 

i n d i c a t e d  t h a t  r i s e  r a t e  i n  meta l  wicks i s  i n f l u e n c e d  by w i c k  th i ckness .  

X 

One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  e f f e c t  o f  w ick  th i ckness  on w ick  r a t e  

may be t h e  s u r f a c e  t rea tmen t  o f  the wick.  That  is , the way the  w ick  i s  r o l l e d  

o r  pressed may c l o s e  o r  reduce i n  s i z e  some o f  t h e  pores near t h e  su r face .  If 

t h i s  were t h e  reason i t  would mean t h a t  t h i c k e r  wicks are l ess  i n f l uenced  by 

by th i ckness  than t h i n  ones, which was t h e  case i n  t h e  AiResearch s t u d i e s .  

The c a p a c i t y  o f  t h e  wicks t o  d e l i v e r  water  i n  an evapora to r  i s  a des ign param- 

e t e r  o f  c o n s i d e r a b l e  importance. T h i s  e f f e c t  w i l l  be i n v e s t i g a t e d  i n  t h e  w ick  

p e r f  ormance t e s t s .  

3. L i t e r a t u r e  Review 

A l i t e r a t u r e  rev iew  has been s t a r t e d .  Several  r e p o r t s  and p u b l i c a t i o n s  

have been c o l l e c t e d  and rev iew  o f  these was s t a r t e d  i n  A p r i l .  

Wick Heat T r a n s f e r  and Performance T e s t i n q  

A p r e l i m i n a r y  design o f  a w ick  module performance t e s t  setup was prepared. 

T h i s  des ign w i l l  a l l o w  f o r  t e s t i n g  o f  wicks o f  d i f f e r e n t  th icknesses and w ick  

h e i g h t ,  u s i n g  steam f i n s  o f  v a r y i n g  geometry, i n  p a r t i c u l a r ,  r e c t a n g u l a r  and 

t r i a n g u l a r  f i n s .  Wicks o f  d i f f e r e n t  p o r o s i t y  w i l l  be tested,  and t h e  t e s t  

66-06 I 2  
Page 5 



s e c t i o n  w i l l  be capable of v a r y i n g  e l e c t r i c a l  heat  i npu t  t o  v a r y  heat  f l u x .  

E l e c t r i c a l  h e a t i n g  was s e l e c t e d  over  f l u i d  h e a t i n g  f o r  s i m p l i c i t y  o f  ope ra t i on ,  

and b e t t e r  heat balances. The e l e c t r i c a l  h e a t e r s  w i l l  be a t tached  t o  a heavy 
I 

+ copper p l a t e  so as t o  pe rm i t  f a i r l y  exact  d e f i n i t i o n  of  t h e  temperature boundary 

c o n d i t i o n s .  The h e a t e r  w i l l  be made i n  severa l  v e r t i c a l  sec t i ons ,  so t h a t  t h e  

I r a t e  o f  heat i npu t  can be v a r i e d  a long t h e  w ick  as would be t h e  r e a l  s i t u a t i o n  

i n  a w i c k  water  b o i l e r  t h a t  was removing heat  from a f l u i d  stream. 

C a p i l l a r y  Flow A n a l y s i s  

An a n a l y s i s  o f  f l o w  i n  c a p i l l a r i e s  was undertaken. Rate o f  l i q u i d  r i s e  

and f i n a l  r i s e  h e i g h t  i n  c a p i l l a r y  tubes a r e  reasonably w e l l  understood. How- 

ever, phenomena o c c u r r i n g  a t  t he  boundary of  bo th  wicks and porous p l a t e s  a r e  

n o t  w e l l  enough understood t o  p e r m i t  optimum design o f  hardware. Two ques t i ons  

o f  c o n s i d e r a b l e  importance t h a t  have n o t  been d e f i n e d  as y e t  a r e  ( I )  why does 

a w i c k  f i l l e d  t o  l e s s  than  i t s  maximum w i c k  h e i g h t  d r i p  when i t  i s  removed f rom 

a wa te r  s u r f a c e  and under e x a c t l y  what c o n d i t i o n s ?  

p o i n t  and l i q u i d  breakthrough o f  porous p l a t e s  be r e l a t e d  t o  po re  diameter,  

s u r f a c e  tens ion,  and con tac t  a n g l e ?  Measurements o f  1 i q u i d  breakthrough o f  

porous p l a t e s  i n  t h e  l i t e r a t u r e  have shown t h a t  t h e  breakthrough p ressu re  can 

v a r y  from a v e r y  smal l  f r a c t i o n  o f  t h e  gas breakthrough p ressu re  t o  a number 

i n  excess of  t h e  gas breakthrough pressure.  

t i o n  an a n a l y s i s  o f  t he  phenomena o f  breakthrough o f  bo th  1 i q u i d  and gas was 

undertaken. F i g u r e  I shows t h e  successive s teps i n  breakthrough o r  b u b b l i n g  

o f  a gas through a c a p i l l a r y  t h a t  i s  i n i t i a l l y  f i l l e d  w i t h  l i q u i d .  The con- 

t a c t  a n g l e  i s  between z e r o  and 45 degrees f o r  t h i s  case. I n  F i g u r e  l a  

t h e  p l a t e  i s  shown f i l l e d  w i t h  l i q u i d  b u t  w i t h  a l i q u i d  vapor i n t e r f a c e  a t  t h e  

e n t r a n c e  t o  a pore.  I n  Ib, as the p ressu re  on t h e  vapor i s  increased t h e  i n t e r -  

f a c e  s t a r t s  t o  expand, m a i n t a i n i n g  t h e  i n i t i a l  c o n t a c t  angle, u n t i l  t he  excess 

and ( 2 )  how can bubble 

To b e t t e r  understand t h i s  s i t u a -  

i s  p o i n t  t h e  vapor- can r a p i d l y  

I f  t h e  excess p ressu re  i s  g r e a t e r  

1 occur.  The breakthrough pres-  

has been r e p o r t e d  i n  t h e  

vapor p ressu re  i s  equal t o  40 cos 8/d . A t  t 

go through t h e  po re  u n t i l  i t  reaches t h e  end. 

t h a n  40 cos Q /d  , breakthrough o r  b u b b l i n g  w i  

su re  o f  40  cos Q/d i s  t he  f a m i l i a r  va lue  t h a t  

1 i t e r a t u r e .  

66-06 I2 
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a. Pv = PL 40 ‘Os e . INTERFACE b.  Pv - PL 5 D 
GROWS TO SPHERICAL SHAPE. 

.1 I. 
VAPOR 

- 4a ‘Os e . 
D 

VAPOR c. Pv - PL - 
MOVES THROUGH PORE. 

VAPOR 

40 cos e 
D d. Pv - PL > 

BREAKTHROUGH OCCURS. 

A- I9949 

F i g u r e  I .  V a p o r  B r e a k t h r o u g h  S e q u e n c e  
oo  < e < 45O 

66-06 I2 
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I f  t h e  c o n t a c t  ang le  8 l i e s  between 45 and 90 degrees, a d i f f e r e n t  

s i t u a t i o n ,  t h a t  has t o  o u r  knowledge not been r e p o r t e d  i n  t h e  l i t e r a t u r e ,  w i l l  

occur,  and t h e  breakthrough p ressu re  w i l l  t a k e  a c o n s i d e r a b l y  d i f f e r e n t  va lue .  

I n  F i g u r e  2a t h e  vapor p ressu re  i s  equal t o  t h e  l i q u i d  p ressu re  and t h e  i n t e r -  
I * 

f a c e  i s  j u s t  w i t h i n  t h e  pore.  Th is  i s  t h e  same s i t u a t i o n  as was shown i n  

F i g u r e  la, except t h a t  t h e  c o n t a c t  angle i s  d i f f e r e n t .  When the  vapor pres-  

s u r e  exceeds the l i q u i d  p ressu re  by  an amount equal t o  4 0  cos 8/d , t h e  i n t e r -  

face, which has grown t o  a s p h e r i c a l  shape, can proceed t o  t h e  end o f  t h e  pore, 

as shown i n  F i g u r e  2b and 2c. I f  the p ressu re  i s  increased s l i g h t l y  f rom t h i s  

v a l u e  t h e  l i q u i d  would be expected t o  move out  o f  t h e  po re  and wet t h e  back 

s i d e  o f  t h e  p l a t e ,  w i t h  a s p h e r i c a l  bubble h e l d  a t  t h e  po re  mouth as shown i n  

F i g u r e  2d. Now t h e  s u r f a c e  t e n s i o n  f o r c e  which i s  r e s t r a i n i n g  the  p ressu re  

d i f f e r e n c e  i s  o s i n  8 r a t h e r  than  CY cos 8 . When t h e  vapor p ressu re  excess 

i s  g r e a t e r  than 4 5  s i n  8/d t h e  bubble may break o f f  f rom t h e  p l a t e .  Depending 

on t h e  c o n t a c t  angle, which un ique ly  determines t h e  r a t i o  o f  bubble d iameter  

t o  p o r e  diameter, i t  i s  p o s s i b l e  t h a t  t h e  bubble may break r a t h e r  than  r e l e a s -  

i n g  i t s e l f  f rom t h e  p l a t e .  Th is  a n a l y s i s  w i l l  be  con t inued  i n  May. However, 

t h e  s i g n i f i c a n t  p o i n t  which has apparen t l y  n o t  been r e p o r t e d  i n  t h e  l i t e r a t u r e  

i s  t h a t  t h e  equa t ion  f o r  t he  breakthrough p ressu re  as a f u n c t i o n  o f  s u r f a c e  

tens ion ,  c o n t a c t  angle, and pore diameter, changes w i t h  c o n t a c t  angle.  The 

b reak th rough  p ressu re  i s  p r o p o r t i o n a l  t o  cos 8 f o r  c o n t a c t  angles l ess  than  

4 5  degrees, and p r o p o r t i o n a l  t o  s i n  8 f o r  c o n t a c t  angles between 45  degrees 

and 90 degrees. 

F i g u r e  3 shows t h e  l i q u i d  breakthrough sequence i n  a po re  which i s  f i l l e d  

i n i t i a l l y  w i t h  vapor. I n  F i g u r e  3a t h e  i n t e r f a c e  i s  shown w i t h  t h e  l i q u i d  

p r e s s u r e  equal t o  the  vapor pressure.  I n  F i g u r e  3b as t h e  l i q u i d  p ressu re  

i s  increased t h e  l i q u i d  s t a r t s  t o  f l o w  th rough  t h e  pore,again m a i n t a i n i n g  t h e  

same c o n t a c t  angle, and i n  F i g u r e  3c t h e  l i q u i d  i s  shown hav ing  tu rned  t h e  

c o r n e r  o f  t h e  po re  and fo rm ing  an i n t e r f a c e  on t h e  back s i d e  o f  t h e  p l a t e .  

F i g u r e  3c t h e  s u r f a c e  t e n s i o n  o f  t h e  l i q u i d  now r e s t r a i n s  t h e  f l o w  s i n c e  i t  

i s  a c t i n g  i n  t h e  d i r e c t i o n  o p p o s i t e  t o  t h e  p ressu re  d i f f e r e n c e ,  whereas i n  

F i g u r e s  3a and 3b i t  was a c t i n g  t o  p u l l  t h e  l i q u i d  through t h e  pore.  A 

f o r c e  balance on t h e  i n t e r f a c e  shows t h e  c r i t i c a l  breakthrough p ressu re  t o  

be equal t o  4 0  s i n  8/d. 

I n  
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VAPOR 

a. Pv - - pL 

VAPOR 

4u ‘Os e . INTERFACE D b.  Pv - P < L -  
GROWS TO SPHERICAL SHAPE. 

VAPOR VAPOR 

- 4a ‘Os e . VAPOR d. Pv - PL - - 40 ’IN . BUBBLE D 

DEPENDING ON CONTACT ANGLE. 

D c .  Pv - PL - 
MOVES THROUGH PORE. BREAKS OFF PLATE, OR FRACTURES, 

A- I9948 

F i g u r e  2 .  V a p o r  B r e a k t h r o u g h  S e q u e n c e  
45O < e < go0 
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VAPOR 

a. P L  = pV 

VAPOR 

b. P L  > P UNSTABLE, WITH BOTH 

PRESSURE AND SURFACE TENSION 
ACTING I N  THE SAME DIRECTION.  

V '  

c .  SURFACE TENSION NOW RESTRAINS d. L I Q U I D  AT  ADJACENT PORE I S  ABOUT 
FLOW. TO J O I N ,  ENLARGING D'  AND 

'L - 'V - D I  THAT CAN BE WITHSTOOD. 
40 S I N  Q REDUCING THE MAXIMUM PRESSURE - 

BR I DG I NG 
PRESSURE 
TO 

pL - pv 

D" 

HAS OCCURRED. MAXIMUM 
DIFFERENCE I S  REDUCED 

40  S I N  Q 
- D" 

F i g u r e  3. L i q u i d  B r e a k t h r o u g h  S e q u e n c e  
o o  < 8 < go0 
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Note t h a t  t h i s  i s  equal t o  t h e  

t h e  c o n t a c t  angle between 45 and 90 

t h e  same f o r  con tac t  angles between 

i n g  p ressu re  increases as t h e  ang le  

r e s u l t  o b t a i n e d  f o r  gas breakthrough w i  t h  

degrees. The form o f  t h i s  r e s u l t  w i l l  be 

0 and 90 degrees; no te  t h a t  t h e  r e s t r a i n -  

increases, reach ing  i t s  maximum va lue  f o r  

a 90 degree c o n t a c t  angle.  Breakthrough f o r  c o n t a c t  angles g r e a t e r  than 90 

degrees has no t  y e t  been analyzed. 

I f  t h e  l i q u i d - v a p o r  i n t e r f a c e  grows from i t s  c o n f i g u r a t i o n  i n  F i g u r e  3d 

t h e  breakthrough p ressu re  w i l l  be reduced, and the  g r e a t e r  t h e  d r o p l e t  d iameter 

t h e  lower  t h e  breakthrough p ressu re  becomes. What can happen i n  a porous 

p l a t e  o r  a w i c k  may be  d i f f e r e n t  than what would happen i n  a s i n g l e  c a p i l l a r y .  

The reason i s  shown i n  F i g u r e  3 e  where t h e  d r o p l e t s  p r o t r u d i n g  from adjacent  

c a p i l l a r i e s  j o i n ,  f o rm ing  a l a r g e r  drop w i t h  a consequent ly s m a l l e r  breakthrough 

p ressu re .  T h i s  i s  b e l i e v e d  t o  be p a r t  o f  t he  e x p l a n a t i o n  f o r  wicks d r i p p i n g  

when they  a r e  f i l l e d  t o  l e s s  than t h e i r  maximum w i c k i n g  h e i g h t .  

TASK 11: WATER SUBLIMATOR HEAT S I N K  MODULE 

Sub1 ima to r  A n a l y s i s  

The s u b l i m a t i o n  mechanism g e n e r a l l y  accepted assumes an i c e  l a y e r  nex t  

t o  t h e  porous p l a t e ,  w i t h  t h e  heat t r a n s f e r  r a t e  govern ing t h e  i c e  th i ckness .  

The i c e  subl imes a t  t he  p l a t e  face  and f reezes  a t  t h e  l i q u i d - i c e  i n t e r f a c e ,  

w h i l e  t h e  i c e  b l o c k  moves c o n t i n u o u s l y  toward t h e  porous p l a t e .  I n  t h e  

' 'mixed mode," evapora t i on  takes p l a c e  f rom b o t h  i c e  and water  sur faces a t  

d i f f e r e n t  pores, due t o  t h e  v a r y i n g  p o r e  s i z e s  i n  t h e  porous p l a t e .  Pub l i shed  

exper imenta l  d a t a l  i n d i c a t e s  t h a t  the porous p l a t e  temperature i n  t h i s  mode 

i s  about 32OF, and t h a t  adequate c o r r e l a t i o n  o f  t h e  hea t  t r a n s f e r  performance 

i s  o b t a i n e d  u s i n g  t h i s  t r i p l e  p o i n t  s i n k  temperature.  I f  i t  i s  assumed t h a t  

v a p o r i z a t i o n  takes p l a c e  a t  t h e  porous p l a t e  face, a p ressu re  drop correspond- 

i n g  t o  t h e  vapor f l o w  r a t e  f i x e d  by t h e  heat f l u x  may be determined f rom p res -  

s u r e  drop vs f l o w r a t e  data.  T h i s  was done f o r  seve ra l  t e s t  modules r e f e r r e d  

t o  i n  Reference I .  

I 
Porous P l a t e  Water B o i l e r  Desiqn Study - F i n a l  Report ,  HSER 3509, Hami l ton 

S tandard  D i v i s i o n  o f  U n i t e d  A i r c r a f t  Corporat ion,  Windsor Locks, Connect icut ,  
May 20, 1965. 
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From the exper imenta l  heat  f lux,  t h e  vapor mass f l u x  i s  determined f rom 

the equa t ion :  

m/hr f t 2  where W = vapor mass f l u x ,  1 b 

Q/A = Heat f l ux ,B tu /h r  f t 2  

AHS = Heat o f  sub1 i m a t i o n  o f  water,Btu/ lb 
m 

By u s i n g  exper imenta l  n i t r o g e n  f l o w  r a t e  vs p ressu re  drop curves f o r  f r e e  

mo lecu le  f l o w  g i ven  i n  t h e  referenced repo r t ,  and by making a s imple water  

vapor c o r r e c t i o n  ( g i v e n  below) d e r i v e d  f rom the  f r e e  molecule p ressu re  drop 

equat ion,  t he  p ressu re  drop through t h e  porous p l a t e  may be determined. 

= 1.25 Ap vapor - 
"vapor - "N2 L R R N 2  )I2 N2 

f /  i n 2  
= Water vapor p ressu re  drop,lb 

va po r 

= N i  t r ogen  pressure drop, 1 b f /  n2 
"N2 

= Water vapor gas cons tan t  = 85.8 l b  f t / l b  O R  vapor f m R 

= N i t rogen  gas cons tan t  = 55.2 l b  f t / l b m  O R  RN* f 

The exper imenta l  data and c a l c u l a t e d  p ressu re  drops a r e  g i v e n  i n  Tab le  2.  

I t  i s  seen t h a t  t h e  p ressu re  drops o b t a i n e d  i n  t h i s  manner g i v e  pressures on 

t h e  upstream s i d e  of t h e  porous p l a t e  o f  f rom 1.5 t o  I I  t imes t h e  t r i p l e  p o i n t  

p ressu re .  S ince  i c e  was observed i n  t h e  t e s t  u n i t s ,  these h i g h  pressures 

o b v i o u s l y  c o u l d  n o t  have been a t t a i n e d ,  i n d i c a t i n g  a d e f i c i e n c y  i n  t h e  assumed 

mec han i sm. 
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One p o s s i b l e  e x p l a n a t i o n  i s  t h a t  s u b l i m a t i o n  takes p l a c e  n o t  a t  t h e  porous 

p l a t e  face b u t  a t  some depth i n  the  pores, thereby s h o r t e n i n g  t h e  vapor f l o w  

l e n g t h  and reduc ing  t h e  p ressu re  drop. However, t h i s  would a p p a r e n t l y  r e q u i r e  

cont inuous e x t r u s i o n  of  t h e  i c e  i n t o  t h e  pores i n  o r d e r  t o  prevent  t h e  i ce -  

vapor i n t e r f a c e  from r e c e d i n g  ou t  o f  the pores.  Normal o p e r a t i n g  pressures 

do n o t  appear t o  be s u f f i c i e n t  t o  accompl ish t h i s ,  and i f they were, they 

m i g h t  f o r c e  water  breakthrough a t  those p o r t i o n s  o f  t h e  p l a t e  not  b locked  by 

i ce .  

Another p o s s i b i l i t y  i s  t h a t  some t y p e  of c y c l i n g  takes p l a c e  i n  which 

t h e  ice-vapor i n t e r f a c e  recedes from the  pores, a t  which t i m e  water e n t e r s  

and f reezes  and t h e  process i s  repeated. Th is  process o c c u r r i n g  a t  d i f f e r e n t  

t imes a t  va r ious  p o s i t i o n s  on t h e  p l a t e  would tend t o  average ou t  any p e r i o d i c  

e f f e c t s .  

A t h i r d  p o s s i b l e  e x p l a n a t i o n  i s  t h a t  some s u b l i m a t i o n  does indeed t a k e  

p l a c e  a t  t he  upstream p l a t e  f a c e  and t h e  subl imed vapor passes th rough  the 

e n t i r e  porous p l a t e ;  w h i l e  most o f  t h e  vapor i s  generated by b o i l i n g  water  

which has en te red  t h e  pores t o  a s u f f i c i e n t  depth t o  make the  vapor p ressu re  

drop sma l l .  T h i s  sounds p l a u s i b l e ,  b u t  j u s t  what would cause t h e  l i q u i d  t o  

be r e s t r a i n e d  a t  a p a r t i c u l a r  depth, o r  what would p reven t  i t  f rom b r e a k i n g  

th rough  the porous p l a t e  when t h e  water  feed p ressu re  i s  g r e a t e r  t han  the  

e x p e r i m e n t a l l y  determined water  r e t e n t i o n  pressure,  i s  n o t  understood a t  t h i s  

t ime .  

The importance o f  t h e  vapor pressure drop problem becomes obv ious when a 

des ign  i s  considered. If a conserva t i ve  des ign i s  made, assuming v a p o r i z a t i o n  

takes  p l a c e  a t  t h e  p l a t e  f a c e  and a l l o w i n g  s u f f i c i e n t  p l a t e  area t o  l i m i t  t h e  

upstream p ressu re  t o  a v a l u e  below t h e  t r i p l e  p o i n t ,  t he  porous p l a t e  area 

i s  by  f a r  t h e  c o n t r o l l i n g  f a c t o r  i n  the  design, caus ing t h e  u n i t  t o  be f rom 

5 t o  20 t imes l a r g e r  than  t h e  heat t r a n s f e r  requirements a lone  would d i c t a t e .  

A d d i t i o n a l  a n a l y s i s  and v i s u a l i z a t i o n  t e s t s ,  e x p l a i n e d  below, shou ld  p r o v i d e  

more i n s i g h t  i n t o  t h i s  aspect o f  sub1 ima to r  o p e r a t i o n .  

Sub1 imator  V i s u a l i z a t i o n  Test  

I n  o r d e r  t o  o b t a i n  an optimum s u b l i m a t o r  design, i t  i s  impor tan t  t o  

unders tand  t h e  mechanism o f  sub l ima to r  ope ra t i on ,  and f o r  t h i s  reason a 
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TABLE 2 

Porous 
P l a t e  

CALCULATED PRESSURE DROP FOR VAPOR FLOW THROUGH 
POROUS PLATES I N  SUBLIMATOR 

WA 
Btu/hr  f t 2  

470 

710 

9 70 

I230 

1475 

420 

4 75 

58 0 

610 

69 0 

'amb i ent 

ps i  

0.001 

1 
1 

4.002 

T W 
PP 
OF lbm/hr f t 2  

33.7 

34.0 

34.2 

32.0 

31.8 

30.5 

28.9 

31.5 

33.7 

31.2 

0.385 

0.582 

0.795 

I .01 

I .21 

0.344 

0.389 

0.475 

0.500 

0.565 

- 

vapor 

p s i  

AP 

0.36 

0.51 

0.69 

0.87 

I .  03 

0.131 

0.140 

0.156 

0. 162 

0.168 

WA = exper imental  heat f l u x  

= pressure i n  vapor passage 
'amb i ent  
T = porous p l a t e  temperature 

W = c a l c u l a t e d  vapor mass f l u x  

AP 

PP 

= ca l cu la ted  vapor pressure drop based upon assumption t h a t  
vapor vapor i za t i on  takes p lace a t  water s ide  porous p l a t e  face 
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v i s u a l i z a t i o n  t e s t  module has been designed. 

c o n s i s t s  o f  a heated p la te ,  f i nned  wa te r  passage, porous p l a t e ,  steam passage, 

and t ransparen t  s ides  and top, a l l o w i n g  d i r e c t  o b s e r v a t i o n  o f  t he  s u b l i m a t i o n  

process. 

whether i n  t h e  pores o r  a t  t he  wa te r -s ide  porous p l a t e  sur face,  i s  c r i t i c a l  

T h i s  u n i t ,  shown i n  F i g u r e  4 ,  

As s t a t e d  p r e v i o u s l y ,  the q u e s t i o n  o f  where v a p o r i z a t i o n  takes p lace,  

. w i t h  respec t  t o  vapor pressure drop and u l t i m a t e l y  t h e  s i z e  o f  t h e  u n i t .  The 

t e s t  module shou ld  a i d  i n  r e s o l v i n g  t h i s  problem as w e l l  as such ques t i ons  as 

where t h e  i c e  forms and how t h e  i c e  l a y e r  moves. A v i s u a l i z a t i o n  t e s t  w i l l  

p e r m i t  t h e  o b s e r v a t i o n  o f  o p e r a t i o n  w i t h  b o t h  r e c t a n g u l a r  o f f s e t  and t r i a n g u l a r  

s l o t t e d  f i n s ,  i n d i c a t i n g  whether or n o t  any i c e  blockage o f  t h e  passages occurs, 

and i f  so, i n  which t ype  o f  f i n  blockage i s  more severe. By a d j u s t i n g  t h e  

upstream p ressu re  and t h e  heat  input ,  i c e  o r  water  "breakthrough" w i  1 1  be 

i n i t i a t e d  and observed. T h i s  i s  another  c r i t i c a l  problem area, f o r  i f  a 

s i g n i f i c a n t  amount o f  "breakthrough" occu rs  t h e  coo l  i ng c a p a c i t y  o f  t h e  water  

i s  n o t  r e a l i z e d  and t h e  c o o l i n g  e f f e c t i v e n e s s  (wa te r  u t i l i z a t i o n )  i s  reduced. 

Tes t  Specimen Procurement 

Four sample porous p l a t e s ,  3.0 i n .  i n  d iameter  by 0.05 i n .  t h i c k ,  were 

r e c e i v e d  f rom Lockheed M i s s i l e s  and Space Company. These p l a t e s  a re  pu re  

n i c k e l  and have been f a b r i c a t e d  t o  y i e l d  v a r y i n g  p o r o s i t i e s .  I t  i s  p lanned 

t o  r u n  sample e v a l u a t i o n  t e s t s  t o  e s t a b l i s h  a s p e c i f i c a t i o n  f o r  f u l l  s i z e  sub- 

l i m a t o r  p l a t e s  o f  t h i s  m a t e r i a l .  S i x  porous p l a t e s  of v a r i o u s  c h a r a c t e r i s t i c s  

were r e c e i v e d  from the  C l e v i t e  Aerospace D i v i s i o n .  The p l a t e s  a re  pu re  n i c k e l  

and a r e  rec tangu la r ,  5 i n .  by 7 in.,  0.050 i n .  t h i c k .  Three p ieces  c o n t a i n  a 

20 by  20 mesh 0.007 i n .  d iameter  n i c k e l  w i r e  re in fo rcemen t  screen. Use o f  t h e  

re in fo rcemen t  screen i n  t h e  p a r t s  shou ld  i n h i b i t  sh r inkage  d u r i n g  any subsequent 

b r a z i n g  o p e r a t i o n .  One 11-in. square n i c k e l  porous p l a t e  sample was r e c e i v e d  

f rom Union Carbide. The th i ckness  i s  o n l y  0.0072 i n .  which i s  cons idered t o  be 

t o o  t h i n  f o r  p resen t  c o n s t r u c t i o n  techniques.  Union Carbide. c la ims  t h a t  t hey  

can f a b r i c a t e  t h e  p l a t e s  i n  th icknesses up t o  0.030 i n .  

Porous P1 a t e  Performance Test  Setup 

Design o f  a f i x t u r e  t o  be used f o r  s u b l i m a t i o n  performance t e s t i n g  o f  

v a r i o u s  s i n g l e  porous p l a t e  modules was p r e v i o u s l y  completed on a company- 

sponsored research  program. 

ments t o  y i e l d  g r e a t e r  f l e x i b i l i t y  and improved data.  

The f i x t u r e  des ign has been reviewed f o r  improve- 

AIRESEARCH MANUFACTURING DlVlSlON 
Lor Angeles. California 

66-06 I2 
Page 15 



WATER I N L  

POROUS PLATE 

HEATED PLATE 
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F i g u r e  4. Sub l ima t ion  V i s u a l i z a t i o n  Test U n i t  

I T E  TOP 
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Porous P l a t e  Bench Test  

A complete s e t  o f  d e t a i l e d  t e s t  i n s t r u c t i o n s  f o r  porous p l a t e  bench t e s t s  

was prepared. These t e s t s  a r e  descr ibed i n  t h e  AiResearch Engineer ing Work 

Order which i s  shown a t  t h e  end of t h i s  r e p o r t .  

NEXT MONTHLY REPORTING P E R I O D  

I n  t h e  nex t  mon th l y  r e p o r t i n g  p e r i o d  t h e  f o l l o w i n g  work w i l l  be done: 

a. 

b. 

C.  

d. 

e. 

f .  

9. 

L i t e r a t u r e  rev iew  on wicks w i l l  be c o n t i n u e d  

Drawings o f  t he  w ick  module heat t r a n s f e r  t e s t  s e c t i o n  w i l l  be 

completed, and f a b r i c a t i o n  w i l l  be i n i t i a t e d .  

A n a l y s i s  o f  c a p i l l a r y  f l o w  and breakthrough w i l l  be cont inued, 

suppor ted by s imp le  bench s c a l e  exper iments i f  r e q u i r e d .  

The s u b l i m a t o r  a n a l y s i s  w i l l  be cont inued.  

The s u b l i m a t o r  f l o w  v i s u a l i z a t i o n  t e s t  s e c t i o n  w i l l  be f a b r i c a t e d  

and t e s t e d .  

Porous p l a t e s  now on hand w i l l  be s u b j e c t e d  t o  t h e  bench t e s t s  

desc r ibed  above. 

Design w i l l  be completed and f a b r i c a t i o n  

f i x t u r e  f o r  s u b l i m a t i o n  performance t e s t  

p l a t e s .  

s t a r t e d  

ng o f  s 

on t h e  t e s t  

n g l e  porous 
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FORM 2 2 4 2  C; 1M LC ENGINEERING W O R K  ORDER 

Work Order No. 3404-2500 17-0 1-020 1 
/' __  

IF REVISION: letter 0 Date 

WORK ASSIGNED TO: , YAT'L. RIQULETCD BY J J * K i 1 1 ackeY *' d , P R ~ J .  93-5 
H02Ud;). 1 --_ DATIPRLPARLD ____ 4-26-66 300 

REQUIRID COMPLETION DATE 9-30-66 -~ 

D A t .  CLOEID BY 

- -~ 

t- 
D E S C R I P T I O N  

CU~TOMER--NASA Hunt sv i 1 1 e 
EALLE ORDER NO. 2500 17 
G O V ~ C O ~ R ~ C T ~ O .  NAS 8-  1 129 1 

PRODUC_T_NAME Porous P l a t e  
OUTLINI 50. Study Proqrdm 
____ CACIUOI OR ~YETCM_NO. NASA Heat S i  n k S tudy 

I Dotail of Work Required: 

- 

Project Identification Numbor 

R E S E A R C H  

No Qual i t y  Cont ro l  Survei  1 lance Required 

PURPOSE : T e s t i n g  to  be performed p e r  t h i s  EWO i s  p a r t  o f  an o v e r - a l l  program t o  
develop an optimum porous p l a t e  sub l ima to r  heat s i n k  heat exchanger. 
A number o f  d i f f e r e n t  types  o f  porous p l a t e s  are  t o  be sub jec ted  t o  a 
s e r i e s  o f  bench t e s t s  t o  e s t a b l i s h  p l a t e  performance c h a r a c t e r i s t i c s .  
Resu l ts  o f  these bench t e s t s  w i l l  be c o r r e l a t e d  w i t h  the  performance 
da ta  t o  be ob ta ined  du r lng  subsequent t e s t i n g .  T h i s  t e s t i n g  i s  con- 
s ide red  t o  be e x p l o r a t o r y  i n  n a t u r e  and r e v i s i o n s  t o  the  t e s t  procedure 
o u t l i n e d  below w i l l  be issued when requ i red .  

PROCEDURE: Bench t e s t s  a re  s p e c i f i e d  below. Eng ineer ing  w i l l  s p e c i f y  the  p a r t i c u l a r  
t e s t s  t o  be performed f o r  each porous p l a t e  sample. 

I .  I n i t i a l  Bubb le  Po in t  i n  A lcoho l  I 
P r i o r  t o  pel- forni inq t h i s  t e s t  t he  p l a t e  s h a l l  be comple te ly  dry.  
Thoroughly wet the  porous p l a t e  by soaking i t  i n  a l coho l  f o r  a t  l e a s t  
I 5  minutes.  I n r 9 t a l l  t h e  p l a t e  i n  an a p p r o p r i a t e  f i x t u r e  and cover the  
top  su r face  o f  t he  p l a t e  w i t h  a l a y e r  o f  a l coho l .  Thv depth  o f  the  
a l c o h o l  l a y e r  s h a l l  not  exceed 1 / 4  i n .  Slowly p r e s s u r i z e  the  bo t tom 
su r face  o f  t he  p l a t e  w i t h  n i t r o g e n  u n t i l  t h e  f i r s t  dynamic bubble 
passes th rough the f i l t e r  and r i s e s  th rough the  l i q u i d .  The appearance 
o f  the  f i r s t  t r u v  dynamic bubble i s  r e a d i l y  recognized s ince  i t  i s  
f o l l o w e d  by a sucession o f  a d d i t i o n a l  bubbles. Record t h e  pressure  
( i n .  Hg) a t  wh ich  the f i r s t  bubb le  i s  observed. I f  the. t e s t  i s  t o  be 
repeated, thorough ly  re-wet t h e  p l a t e  by soaking i n  a l coho l  b e f o r e  
proceed ing  w i t h  the  retest,.  

--------------------____________I_______---------------------------------------------------- 

C O P I E S  TO: I. G. A u s t i n  
T. E .  McAffee 
J. J. K i l l a c k e y  ( 3 )  
R.  A .  Stone 
P. Read ( 5 )  
93-5 /F  i l e  

AIRESEARCH MANUFACTURING DlVlSlON 
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2. I n i t i a l  Bubh l r  P o i n t  i n  Water 

T h i s  t e s t  s h a l l  be performed as s p e c i f i e d  f o r  a l coho l  i n i t i a l  bubble p o i n t  
( i tem I )  except the  p l a t e  s h a l l  be we t ted  by the f o l l o w i n g  procedure: 

a. Immerse t h e  porous p l a t e  i n  a tank  o f  d i s t i l l e d  water.  

b. P lace  t h e  tank  i n  a vacuum chamber and reduce the  pressure  t o  about 
IO mm o f  Hg (do  no t  go below 5 nun o f  Hg). 
soak under vacuum f o r  a t  l e a s t  1/2 hour. 

Leave t h e  porous p l a t e  

c. The porous p l a t e  s h a l l  be removed from the  water  f i l l e d  tank  j u s t  
p r i o r  t o  pe r fo rm ing  the bubble p o i n t  t e s t .  The tank  may be removed 
from t h e  vacuum chamber a f t e r  1 /2  hour, bu t  t he  p l a t e s  must be kept  
immersed u n t i l  they  are  ready t o  be tes ted .  

d. I f  the  t e s t  i s  t o  be repeated, re-wet t h e  p l a t e  by soaking under 
vacuum as s p e c i f i e d  above. 

3. Pore S ize  D i s t r i b u t i o n  

T h i s  t e s t  i s  t o  be performed immediately f o l l o w i n g  the  i n i t i a l  bubble 
p o i n t  t e s t  ( a l c o h o l  and/or water) w h i l e  the  p l a t e  i s  s t i l l  thorough ly  
wet ted .  The porous p l a t e  i s  t o  be kept  i n  the  t e s t  f i x t u r e  and covered 
w i t h  a l a y e r  o f  l i q u i d .  Increase the  n i t r o g e n  gas pressure  u n t i l  80 
p e r  cen t  o f  t h e  p l a t e  sur face  area  i s  a c t i v e l y  b u b b l i n g  (bes t  v i s u a l  
es t imate) .  Record the  pressure  ( i n .  o f  Hg). 

4 .  Sur face  W e t a b i l i t y  Check 

The porous p l a t e  s h a l l  be comple te ly  d r y  p r i o r  t o  pe r fo rm ing  t h i s  t e s t .  
Mount t h e  porous p l a t e  i n  a h o r i z o n t a l  p o s i t i o n .  A t  4 approx imate ly  
e q u a l l y  spaced l o c a t i o n s  p lace  a drop o f  d i s t i l l e d  water  on the  p l a t e  
sur face .  I f  t h e  p l a t e  sur face  i s  c l e a n  the  drops w i l l  immediately w i c k  
i n t o  t h e  p l a t e .  I f  t he  p l a t e  i s  contaminated t h e  water  d r o p l e t s  w i l l  
e i t h e r  s l o w l y  soak i n t o  the p l a t e  o r  remain on top  o f  the  p l a t e .  Record 
obse rva t i ons  and no te  t h e  approx imate ly  t ime f o r  t he  water  t o  be absorbed. 
I f  spec i f i ed ,  repeat t h e  above t e s t  u s i n g  a l coho l ,  b u t  s e l e c t  4 l o c a t i o n s  
t h a t  a r e  spaced away from the areas t h a t  have been wet w i t h  water.  

5. Water Retension Pressure 

The porous p l a t e  s h a l l  be comple te ly  d r y  p r i o r  t o  pe r fo rm ing  t h i s  t e s t .  
Mount 
pos i t  
p l a t e  
the  p 
f i r s t  
t h e  1 
u n t  i 1 
(bes t  

t h e  porous  p l a t e  i n  an a p p r o p r i a t e  f i x t u r e  and i n  a h o r i z o n t a l  
on. 
w i t h  wa te r  t a k i n g  care t o  e l i m i n a t e  any t rapped a i r  pockets.  
enum has been f i l l e d  s l o w l y  p r e s s u r i z e  the  water  supply u n t i l  t he  
l i q u i d  d r o p l e t  appears on the  top  su r face  o f  t h e  porous p l a t e ;  record  
q u i d  b reak through pressure. Cont inue t o  inc rease t h e  water  p ressu re  
80 p e r  cent  o f  t he  p l a t e  su r face  area i s  covered w i t h  water  d r o p l e t s  
v i s u a l  es t ima te ) .  

Slowly f i l l  the plenum area on t h e  bo t tom sur face  o f  t h e  porous 
A f t e r  

Record the  80 p e r  cent pressure.  

ARESEARCH MANUFACTURING DIVISION 
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6. Water Permeabi I i t y  

NOTES : 

I n s t a l l  t h e  porous p l a t e  i n  an a p p r o p r i a t e  f i x t u r e  and mount t h e  assembly 
i n  a h o r i z o n t a l  p o s i t i o n .  Flow d i s t i l l e d  and f i l t e r e d  water  th roug t h e  
p l a t e  as noted below. 
i n  which a l l  l i q u i d  head e f f e c t s  a re  accounted f o r .  Be fore  r e c o r d i n g  the  
f l o w  v e r i f y  t h a t  t h e  i n l e t  face o f  t h e  porous p l a t e  i s  f u l l y  exposed t o  
t h e  f l o w  and t h a t  t h e r e  are  no t rapped a i r  pockets  i n  t h e  i n l e t  man i fo ld .  
Tes t  f l o w s  s h a l l  be as fo l lows:  

Care should be taken t o  o b t a i n  a p ressure  reading 

Water Flow, cc p e r  min p e r  i n 2  
I n l e t  Water Temperature, OF Lab Ambient 
Discharge Pressure Lab Ambient 

1 ,  3,  5 ,  IO, and 15 55  per  cent  

Record t h e  water  p ressure  drop a t  each f low.  The p l a t e  f l o w  area s h a l l  be 
based on t h e  a c t i v e  area not b locked by t h e  t e s t  f i x t u r e .  Caut ion:  Do 
n o t  exceed a pressure  d i f f e r e n t i a l  o f  20 i n .  o f  Hg across t h e  porous 
p l a t e  un less  d i r e c t e d  by Engineer ing.  

7 .  N i t r o g e n  P e r m e a b i l i t y  w i t h  Discharge t o  Ambient 

The porous p l a t e  s h a l l  be complete ly  d r y  p r i o r  t o  per fo rming  t h i s  t e s t .  
I n s t a l l  t h e  p l a t e  i n  an a p p r o p r i a t e  f i x t u r e  and f l o w  d r y  and f i l t e r e d  
n i t r o g e n  th rough t h e  p l a t e  as s p e c i f i e d  below: 

N i t r o g e n  Flow, I b  p e r  h r  f t 2  1 ,  2, 3 ,  5 ,  and 7 55  per  cent  
Discharge Pressure Lab Ambient 
I n l e t  N i t r o g e n  Temperature Lab Ambient 

Record t h e  n i t r o g e n  pressure  drop and temperature a t  each f low.  The 
p l a t e  f l o w  area s h a l l  be based on t h e  a c t i v e  f l o w  area n o t  b locked by 
the  t e s t  f i x t u r e .  Caution: Do not  exceed a Dressure d i f f e r e n t i a l  o f  
20 in .  o f  hg across t h e  porous p l a t e  un less  d i r e c t  

8. N i t r o g e n  P e r m e a b i l i t y  w i t h  Discharge t o  Vacuum 

T h i s  t e s t  s h a l l  be as s p e c i f i e d  f o r  n i t r o g e n  permeab 
t o  ambient ( i t e m  7 above) except  t h e  n i t r o g e n  d lscha 
no t  exceed 2.0 mm o f  Hg absolute.  Record t h e  a c t u a l  

d by Engineer ing.  

l i t y  w i t h  d ischarge 
ge pressure  s h a l l  
d ischarge pressure.  

1 .  Alcoho l  used i n  bubble p o i n t  t e s t i n g  s h a l l  be E t h y l  A lcohol ,  95 p e r  cent. 

2. A l l  wa ter  used i n  t e s t i n g  s h a l l  be d i s t i l l e d  and f i l t e r e d  through a 
1 /2  micron abso lu te  f i l t e r  p r i o r  t o  use. 

3. A l l  n i t  
such as 
a 1/2 m 

4 .  On each 
and a l l  

ogen used i n  t e s t i n g  s h a l l  be d r y  and f r e e  on any contaminate 
d i r t ,  g r i t ,  o r  o i l .  The n i t r o g e n  s h a l l  be f i l t e r e d  through 
c r o n  abso lu te  f i l t e r  p r i o r  t o  f l o w i n g  th rough t h e  t e s t  specimen. 

p l a t e  t e s t e d  record  the  manufacturer,  lot  number, s e r i a l  numbr 
o t h e r  p e r t i n e n t  i d e n t i f i c a t i o n  i n f o r m a t i o n .  
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5. A l l  t e s t i n g  should be performed i n  a c lean area. When a porous p l a t e  
I s  n o t  a c t u a l l y  b e i n g  t e s t e d  i t  s h a l l  be kept i n  a p o l y e t h y l e n e  or 
n y l o n #  bag a t  a l l  t lmes. T h i s  r u l e  a l s o  a p p l i e s  t o  p l a t e s  kept  i n  a 
c lean area. 

6. Use o f  a vacuum oven t o  d r y  t h e  porous p l a t e s  s h a l l  be r i g i d l y  
c o n t r o l l e d .  The oven s h a l l  never  be used t o  cure  epoxied assembl ies 
o r  t o  d r y  a d i r t y  o r  contaminated p a r t .  
d r i e d  o t h e r  p a r t s  o r  assemblies may be present  i n  t h e  oven p r o v i d e d  
t h a t  t h e  o t h e r  p a r t s  are wet o n l y  w i t h  water  o r  a l c o h o l .  

When porous p l a t e s  a r e  b e i n g  
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